Transient energy coupling between two coherent beams occurs in dynamic holographic media with local and noninstantaneous responses. The physical origin of the effect is described, and an optical tracking filter based on the effect is demonstrated in a photorefractive Bi12SiO20 crystal.
INTRODUCTION
Two-beam coupling phenomena in photorefractive media' have been used for various novel applications, such as image amplification,", 2 unidirectional ring oscillators, 3 optical limiters, 4 beam cleanup, 5 and beam steering. 6 Most of the proposed applications use steady-state energy coupling in photorefractive media with an induced index grating, which is 7r/2 phase shifted from the light-interference pattern. On the other hand, the transient behavior of the energy coupling (e.g., response time) is an important factor in characterizing device performance. 7 Transient energy coupling (TEC), including the interaction between two coherent beams and the induced grating formation, has been studied theoretically, and approximate analytic 8 -1 2 and numericall 3 solutions have been obtained. These studies [8] [9] [10] [11] " 3 show that, although there is no steady-state energy exchange between the beams in unshifted dynamic holographic media, TEC occurs in such media with noninstantaneous responses. In particular, it is shown that TEC occurs in photorefractive media operating in the charge-drifting mode (which is obtained by applying an appropriate external field and using large grating periods).
In this paper we demonstrate an optical tracking filter' 4 based on TEC. First we qualitatively describe the physical origin of TEC by means of steady-state two-beam coupling equations. We then describe the experiment, which uses a photorefractive Bi1 2 SiO 2 0 (BSO) crystal with an external field.
TRANSIENT ENERGY COUPLING
Let us consider the following steady-state pling equations 15 [see also Fig. 1 
Expression (3) indicates that the energy transfer always occurs from the stronger beam to the weaker beam. A typical plot of the energy transfer versus the normalized time tT is shown in Fig. 2 . The maximum energy transfer occurs at t 1.59r. When T is small enough to follow a sudden change in the input-beam intensities, TEC can be approximated as the temporal differentiation of input information. In the section that follows we describe the experimental demonstration of an optical tracking filter using TEC. letter 0 from the transparency is shown in Fig. 4(a) . Some defects on the crystal surface can be seen. When the transparency is moving across the beam I_, the corresponding letter 0 appears on the output beam I+ [ Fig. 4(b) ]. Subsequently, when the transparency returns to rest, only the uniform intensity distribution of the output beam I+ is seen [ Fig. 4(c) ]. Figure 4 (d) shows the output beam I+ when the optical table is shaken with the transparency at rest. In this case the letter 0 is also seen. The response time in this experiment was found to be faster than 100 msec. From these figures the tracking novelty operation (in other words, the temporal differentiation) of the moving object is apparent. An optical tracking filter using a phase-conjugate interferometer together with a spatial light phase modulator was reported by Anderson et al. 18 The time constant of their device was limited by the time response of the phase conjugator. Recently Cronin-Golomb et al.1 9 reported an optical tracking filter based on two-beam coupling in photorefractive media with nonlocal 7r/2-shifted gratings. In both schemes photorefractive BaTiO3 crystals (whose response time is typically of the order of 0.1-1 sec for an intensity of 100 mW/cm 2 at visible wavelengths) were used to obtain either a large phase-conjugate reflectivity or a large steady-state two-beam coupling gain for better contrast of the output images. In our case faster response materials, such as Kerr media, can be used. The contrast of the output image can be improved by increasing the intensity difference between the two input beams. The uniform background in the signal beam I+ can be reduced by using the cross-polarization coupling phenomena in the cubic crystals. 2 0 Another possible advantage of this scheme is, as in Cronin-Golomb's scheme, that it utilizes a simple spatial light intensity modulator such as a commercially available liquid-crystal television without any modification.
SUMMARY
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